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Turkey is situated in the southeastern part of 
Europe. Part of Turkey is in Europe and part of 1t 1n 
Asia, the so-called Asia Minor. Its population is 
20,935,000 and its area is 296,503 square miles. 
1 
Both Asiatic Turkey and European Turkey are pe~1n­
aulas, that 1s, the three edges of Turkey are coasts. In 
the European section, Turkey has common borders with Greece 
and Bulgaria, in the eastern Asiatic section she has common 
borders with Russia and ~ran, and in the southeastern sec-
tion ~th Iraq and Syria.<1 ) 
(1) see Appendix, Figure 1. 
Turkey is a farming country. ~hat is, the larger 
section of its population is farmers. As a matter of fact 
more than 80 percent of Turkey lives on small farm yillap;es. 
The number of those small villages surpasses the 50,000 
mark. The remaining _20 percent live in the three large 
cities or in some 10,000 to 50,QOO populat6d small cities. 
Its largest cities are _Istanbul, popu~ation 1,qoo,ooo, 
Smirna, population 310,000 and Ankara, 300,000. Its fourth 
2 
city is Adana whose population is 200,000 and the rest of 
the four million population livi~g in cit~es lives in cities 
whose population is below the 50,000 mark. 
Although there is considerable industry in Turkey, 
one can hardly say that Turkey is anything other than a 
farming country. The farmers who constitute the 80 percent 
of the population live in small villages. ( 2 ) So small v11-
(2) see Appendix, Figure 2. 
lage house construction is the most widely used construction 
in Turkey. 
The small village buildings in Turkey are one f1oored 
structures, and the material used for their construction is 
a mixture of soil and hay. ( 3 ) 
(3) see Appendix, Figure 3. 
The Turkish peasant, using a miXture of soil and hay, 
forms blocks; these he bakes in the sun, and uses _them as 
a construction material for his one floored house. 
The fact is that such a construction materi~ is not 
a satisfactory one from a structural point of view. It 
will erode from heavy rains and _every year after winter the 
peasant has to repair his house. Also, it is doubtful w~eth­
er such a construction materia1 would be an hygienic one. 
3 
The only reason that the Turkish peasant usee such a 
mixture for his house construction is the fact that it costs 
him almost nothing. 
So the above discussion shows that a cheap but more 
suitable construction material will find a ~de use amongst 
the Turkish small village builders. 
According to recent investigations made by different 
research stations soil-cement proved itself a handy engineer-
ing material. The use of soil-cement for paving construction 
is a sound engineering procedure provAd by the service record 
and present condition of over 47~000,000 sq. yd. of soil-
cement in the United States only. In recent years there has 
been increasing interest, particularly in rura1 areas, in_ 
the use of soil-cement for low cost building construction. 
People seeing the wide application soil-cement has had on 
road and airport constructions came to the conclusion that 
this material can find a wide use in house construction by 
substituting for the materials of adobe _and rammed earth 
which are so ~dely used in rural areas. 
ActuallY sotl-cement as a building construction mater-
ial was used in different types of construction. Follo~n~ 
are some of the more important examples of structures built 
with soil-oement:( 4 ) 
(4) Soil Cement Information, Soil-Cemene Bure~ Portland 
Cement Association, No. SCB13. 
4 
1. A school shop and poultry house constructed with 
soil-cement blocks at Fort Washakie, Wyoming, by the office 
of Indian Affairs with the cooperation of the Works Projects 
Administration in 1940. 
2. Airport building at Lawrence, Kansas, constructed 
with soil-cement block, in 1941. Work directed by the city 
engineer. 
3. Two-family house built near Alexandria, Virginia, 
in 1941, with rammed soil-cement construction. In addition, 
the bearing walls of two buildings, housing several families, 
were built of rammed soil-cement as part of a federal low-
cost housing experiment and investigation. 
4. Soil-cement block was used for constructin~ a 
double wall, 12 room, one story research laboratory at the 
University of Kansas, Lawrence, Kansas, in 1942. 
5. Buildings have be~n constructed also ~n Mexico and 
the Gold Coast, West Africa, since World War II. 
Those soil-cement buildings for which records are 
available have proved to be quite satisfactory. The walls 
are attractive and have shown no deterioration from weather-
ing. There had been problems, however, during the construc-
tion of each which emphasized the need for determining the 
structural characteristics of soil-cement in sufficient de-
tail to permit intelligent devigns and construction recom-
mendations to be made. As a result, experimentation on a 
wide scale started from different experimentation stations. 
The need of a cheap construction material for small 
village farm construction in Turkey makes soil-cement a 
5 
most desirable material. What is more, as far as the author 
knows, soil-cement has not found any application in farm 
house construction in Turkey as yet. So the author, being 
acquainted with his native country's house construction 
problem, and seeing the suitable application soil-cement 
~11 have on such construction, came to the decision th~he 
shou.l.d investigate this problem thoroughly. 
The main objective of the tests run in this investiga-
tion will be to find the strength of different samples of 
soil-cement. The stabilizer used would be bituminous mater-
ials, cement and straw. So out of those three constituents 
the relation as to the compressive strength, erosion resis-
tance, and tha~ng-fr~ezing resistance would be investigated 
by actual experiments. 
6 
REVIEW OF LITERATURE 
A1though the use of soil or some mixtur~s of soil in 
house construction is an ancient used method, the ac~ual 
investigations carried about this subject are recent. In 
spite of this fact, the literature mainlY is concerned with 
the different investigations made up to date, and is quite 
extensive. 
Under this heading, the important prior investigations 
which have been useful in forming a background for this 
investigation, and the in~erpretations of the resultin~ data, 
will be mentioned brief1y. 
The Suitability of Stabilized Soil for Building Construction 
This investigation was carried on by the Engineering 
Experiment station of the UnivP-rsity of Illinois. (l) The 
(1) Edwin L. Hansen, "The . Suitability of Stabilized Soil for 
Building Construction, 11 Ill. Univ. Engrg. 'Exp. Sta. Bul. 
No. 333, 1941. 
investigation was made on soil. That is, by taking pure 
soil and varying the p roportions of different mP-sh contents, 
and then by actuallY testing those samples of various mesh 
contents, the investigators arrived at certain conclusions. 
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As an emulsifying agent asphalt was used. During 
this investigation it . was observed that when asphalt was 
used in small amounts, an increase of the anu1sified asphalt 
will actually increase the compressive resistance of the 
soil block, but it decreases a~ter a certain amount is added. 
This is clearly seen in Graph 1. 
Experiments were conducted by actually changing the 
proportions o~ 200 mesh( 2 ) content. The results of this ex-
(2) Passed through a screen of 200 squares per square inch. 
periment can be observed in Graph 2. As the 200 mesh content 
was increased, the oomp~essive strength increased as shown 
in the graph of Graph 2. 
On the other hand, as it is seen in Graph 3, an in-
crease of the 200 mesh content decreases the stability of 
the sample. 
Tests run by aggregating different sizes of ag~regat~s 
proved that aggregation increases the compressive strength. 
Due to the fact that aggregation on a wide scale is not so 
practical, it is d.oubtf'u1 whether 1 ts practical application 
will be justified for an increase of a few pounds per square 
inch of total compressive strength. 
The density and the weight of a soil block are in some 
proportion to its moisture content. In tpis investigation it 
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weaken the strength of the soil block. On the other hand, 
the addition of water will make the formation easier, thus 
reducing the labor hours. 
11 
If the strength of the soil block is not of ~rP.at im-
portance, then the use of an excess of water can be justi-
fied. If rammed construction instead of block construction 
is used, then the minimum moisture content should be used 
in order to minimize shrinkage. 
In this investigation curing temperatures from ?0 to 
1?5 degrees Fahrenheit were used and it was proved that the 
curing temperature has nothing to do with the strength of 
the soil.-blook. 
The use of flocculating _and def1occulating agents ~11 
cause the soil to set earlier. The addition of five percent 
of plaster will give an early set and actually will not have 
any effect on the stability of the woil block. 
If the mesh content and the percentage of stabilizer 
are kept constant, then the stability of the sample is in 
some relation to the soil used. That was found out 1n the 
experiments run. 
The experiment run from the absorption point of view 
proved that, as shown in Graph 4, the increase of stabilizer 
~11 deorease the absorption. 
At the same time the 200 mesh content has a lot to do 
12 
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w~th the absorption as is seen in Graph 4. 
The curing temperature has definitely something to do 
with absorption. It is hard to make direct statements about 
this relation. The ~uthor of this investigation found that 
for the samples used, the samples cured at temperatures above 
175 degrees Fahrenheit will give better resUlts than those 
cured under 100 degrees Fahrenhe~t. 
The resistance to freezing and thawing losses is 
found to be in some proportion to the resistance to absorp-
tion. Therefore, factors such as amount of stabilizer and 
others which affect absorption also affect freezing and 
thawing. 
It was found that as the 200 m~sh content was increased 
the swelling and shrinkage increased. This can clearly be 
seen in Graph 6. 
The effects of the use of stabilizers are that an in-
crease in the amount of the stabilizer will increase shrink-
age whereas the swelling will decrease. This ~ffect can be 
observed on the plotted graph shown ~n Graph 5. 
The effects of temp~rature on stabil~zed soil mixtures 
is found to be very small. In other words, the expected tem-
perature changes will have . little effect on the charaoter-
iat1cs of the soil m~xture. 
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the strength of certain samples of soil mixture. E~cellent 
results are obtained with aluminized asphalt paints. ( 3 ) 
(3) F. C. Fenton, "The Use of Earth as a Building Material," · 
Kan. Engrg. Exp. Sta., Manhattan, Kan., Bul. No. 41, 1941. 
For oases where soil mixture samples will be used in 
water, the samples shoUld be water-proofed. Any . commonly 
used material suitable for this _purpose would do. Certain 
preparations of asphalt and tar, or hot paraffin, could be 
used. 
Although plastering . was found suitable, painting was 
found to be recommendable. 
The fact is that the stabilized soil will resist a 
compressive load _which ~11 be satisfactory for small b~ld­
ing construction. But its resistance to erosion is low. 
So in order to increase this resistance, the eo-called soil-
cement is used. 
The use of soil-cement for paving _ construction is a 
sound, scientific engineering procedure. It is proved to b~ 
a sound _ one _ by the _ seryice record and prAsent conditions of 
over 4?,000,000 sq. yd. of soil-cement in the United States 
a1one. 
The use of soi1~cement for building construction pur-
poses is a recent one, in spite of the fact that research 
made about soil-cement -is quite extensive. The importance of 
16 
this construction material for rural territoriAe makes those 
investigations most essential. 
The Portland Cement Association conducted wide research 
in order to find out the characteristics of this construction 
material. Tests were run in order to find out facta about: 
1. Compressive and nexural strengths. 
2. Resistance to wet-dry and freeze-thaw cycles. 
3. Resistance to natural weathering. 
4. Elongation or contraction due to changes in temp-
eratures, and their effects on the strength of the soil-
cement sample in question • . 
5. Heat conductivity. 
Those investigations and the construction up to this 
date proved that the soil-cement is a handy construction 
material. 
About the proportions . of soil to cement it can be said 
that, as is seen in Graph S, an increase of the cement con-
tent will increase the compressive strength of the soil-
cement mixture, and _at the same time will increase its re-
sistance to erosion. ( 4 ) On the other hand, an increase of the 
(4) Ralph Stone, 11 Soi1-Cement for House Construction, 11 Civil 
Engineering, Vol. 22, p. 1005-1007, Dec. 1952. 
(5) 
cement content means an increase of cost. So for each 
( 5) Edw1.ng L. Harrington, "Adobe as a Construction Material 
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individual case, the most suitable and economical mixture 
should be used. 
18 
SELECTION OF MATERIALS 
1. selection or Soil 
The soil used in experimentation was selected from 
horizon B layer as is indicated in Missouri State High~~Y 
Commi salon's Soils l\ianual, page 84. (l) It is a yellowish 
(1) see Fi gure 1. 
brown fine sandy loam to light sandy clay loam. 
The soil used in the tests was picked up from three 
different lots. ( 2 ) From each lot an equal amount of one 
(2) Each lot was a ·barrel full or soil. 
kilogram by weight was separ-
ated according to the laws of 
mean average, and in order to 
obtain the 200-mesh content of 
each individual lot a procedure 
listed below was followe~ 
A 
l.a. In order to remove ~ 
its moisture content, each 
sample was kept in an oven 
12 hours at 110° c. 
1. b. After 12 hours 
these dehumidified samples 
for 30 




were removed from the oven, and from each individual sample 
only 100 grams were taken for further experimentation. 
1.c. These samples were placed into three different 
200-mesh sieves, and an excess of water was run over them. 
l.d. The soil left on the sieves, that is, the soil 
Which was not washed through the 200-mesh wi_re, was placed 
in a dry oven at 110° C for another 12 hour~ and dehumidi-
fied. 
1. e. Each individual ea.mp1e was \<reighed again, and 
so the content of 200-mesh soil from each individual sample 
was obtained. 
1. f. In order to obtain a more thorough know1e dge 
as to the actual contents, the same procedure was repeated 
eight times. The results are tabulated on the following 
page. The arithmetic ayerage of the readings are: 
Sample No. 1: 8?.14% of 200-mesh 
Sample No. 2: 89,93% of 200-mesh 
Sample No. 3: 81.86% of 200-mesh 
2. Bituminous Mat~rial 
(3) 
The bituminous material used is classified as RC-2. 
(3) Information for general characteristics of RC-2 can be 
obtained from: Bituminous Construction Handbook, Barber 
Green Company, Aurora, Illinois, U.S. A. 
The main reason for choosing RC-2 bituminou~ material. is its 
low vicsosity at average summer temperature. 
TABLE 1: Tabulated List of 200 Mesh Percentages 
of Soil Samples 
Remainder 1iashed 
Sample on sieve through % of 200 
No. gms. gms. 
1 12.96 8?.04 8?.04 
u 12.90 8?!10 8?!10 
tl 12~95 8?.05 8?.05 
II 12.80 8?.20 87.20 
II 12.?8 8?~22 8?.22 
II 12~?9 8?.21 87.21 
II 12~84 8?.16 87.16 
" 
12.85 8?~15 87.15 
2 10~02 89.98 89.98 
It 10.01 89.99 89.99 
II 10.06 89.94 89.94 
II 10.07 89~93 89.93 
It 10. 00 90.00 90.00 
" 
10.10 89.90 89~90 
II 10.24 89;;76 89.76 
II 10.08 89.92 89.92 
~ 18.14 81.86 81.86 
II 18.10 81~96 81.96 
II 18~12 81~94 81.94 
tt 18~20 81~80 81!80 
II 18. 21 81.79 81.?9 
II 18.16 81.84 81.84 
II 18.14 81.86 81.86 
II 18.12 81.88 81.88 
3. Cement 
The cement used is Portland Cement. 
4. Hay 
The hay used is the common known straw. ( 4 ) 
(4) see AppendiX, Figure 3. 
21 
PREPARATION OF SAMPLES 
A general sequence for preparing the samples for 
experimentation was followed and is described below: 
22 
1. The percentage of 200 mesh content was regulated 
as was necessary for different tests. 
2. After this, in order to have a homogeneous dis-
tribution throughout the whole sample, the soil was thor-
oughly mixed. 
3. The other constituents of bituminous material, 
hay, cement, or water were added as it was required. 
4. The miXtures of the necessary constitu~nts were 
placed in molds shown in Figures 2 and 3. 
Figure 2. Mixture Placed in Mold 
Figure 3. Brass Mold. 
5. By means of a wooden rod shown in F1~re 4, the 
samp1ee were compressed. 
Fig ure 4. Pressure Applying on the Mixture 
6. The samp les were removed from the molds after 
23 
12 hours and were left exposed to the open air ao that they 
24 
would dry. 




Different blocks of soil-cement, soil-bituminous 
materials, soil-straw·, or combinations of the three, or of 
all the four constituents were _made as was brieny des-cribed 
in the previous section. Those blocks were tested under 
compressive loads and their results were plotted. Thus the 
effects of the different constituents under test can rela-
tively be compared in regards to their relative compressive 
streng ths. 
The first tests were run with samples of a combination 
of straw and soil. The blocks forming these samples were 
composed of 100 grams of 50% 200-mesh soil and of different 
amounts of straw. 
The dotted line of Graph No. 7(l) represents the graph 
(1) Obtained from Table 2. 
of compressed blocks, whereas the solid line r epresents 
blocks which were not compre s sed. As is seen, the g raph of 
the compressed blocks shifted about 150 1b/in2 up. This 
is to be expected. 
It is obvious that the addition of hay does not in-
crease the compressive streng th, but on the contrary after 
a certain amount (! gm/100 gm of soil) it decreases its 
compressive strength. 
From Table 3 Graph 8 was plotted. The basis again 
is 100 grams of soLl and the amounts of cement and bituminous 
26 
TABLE 2: Effect of Straw on the Compressive St r ength 
Specimen Soil % of the .% of the % of t h e % of Compres-200- mesh cement straw water s1ve No. gms. gms. gms. gms. gms. st r ength 
1 100 50 12 305 
1H 11 u 1 II 304 
2H II II • 5 u 298 
3H If II 1 . 5 II 292 
1 
" 
II 20 140 





3H tl It 1.5 u 134 
TABLE 3 : Effect of Cement and B1 tuminous Materi als 
on the Compress i ve Strength 
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Spec- Soil % of the % of the %of % of the % of Compres-imen 200-mesh cement bitu- straw water s i ve 
No . gms. gms. gma. ~inous gms. gms. s t rength 
1 100 50 0 12 305 
lC u 
" 
2 . 5 12 350 
2C II II 5 12 435 
30 
" 
u 7.5 12 456 
40 II tl 10 · 12 675 
50 u u 12.5 12 795 
lB II " 2.5 12 361 
2B u " 5 12 440 
3B u tl ?.5 12 545 
4B II .. 10 12 552 
5B u " 12.5 12 545 
~ 
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material shown in Graph 8 are added to this amount. 
Graph 8 indicates that the compressive strength is 
increased up to 10 grams of bituminous material, an~ that 
after this point the compressive strength decreased. For 
the cement the obvious and expected results were reestab-
lished. 
29 
The third series of tests run were to obtain informa-
tion of the effects on compressive strength of different 
amounts of cement and bituminous materials. 
Again the comp~sition of sample is based on 100 ~rams 
of 50% 200-mesh soil, and the additional constituents indi-
cated in Table 4. 
The plotted results on Graph 9 indicate that the 
cement increases the compressive strength, whereas the bitu-
minous material increases only slightly the compressive 
strength up to 10 grams. After this point, the ~raph curves 
slightly down. 
Almost the same effects were ~btained when straw was 
(2) 
used instead of bituminous material. 
(2) Table 5, Graph 10. 
Graphs 11, 12, 13, 14, 15 and 16 obtained from Tables 
6, ?, 8, 9, 10, 11, 12 and 13 indicate that an increase of 
the 200-mesh percentage means an increase of the compressive 
strength. 
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TABLE 4: The Relation of Bituminous Materials Vs. 
Spec- Soil 1m en 
No. gms. 
1C 100 





2Ba II 2B 2 
ll 




3B~ " 3B 2 " 3BC3 It 3BC4 " 3BC5 " 
40 n 
4B~ u 
4B 2 II 
=~ u tl 4BC4 " 5 
5C ll 
5C~ II 50 II 
5CB2 It 
5CB3 II 
5CB4 II 5 
Compressive Strength at Different 
Percentages of Cement 
.% of the % of the % of % of the % of 
200-mesh cement bitu- straw water . 
gms. gms. ~no us gms. gms. 
50 2.5 0 12 
u 2.5 2.5 12 
u 2~5 5 12 
.. 2~5 7.5 12 
tl 2.5 10 12 
.. 2.5 12.5 12 
" 
5 0 12 
II 5 2.5 12 
.. 5 5 12 
.. 5 7.5 12 
.. 5 10 12 
II 5 12.5 12 
tl 7~5 0 12 
II 7.5 2.5 12 
" 
7.5 5 12 
tl 7~5 7.5 12 
.. 7~5 10 12 
.. 7.5 12.5 12 
.. 10 0 12 
" 
10 2.5 12 
II 10 5 12 
II 10 7~5 12 
II 10 10 12 
.. 10 12.5 12 
II 12~5 0 12 
" 
12.5 2.5 12 
.. 12~5 5 12 
II 12~5 ?.5 12 
tl 12~5 10 12 









































l BC 1BC~ 
1BCB 1BCH~ 
2BC!!J_ 
2BCH 2BC~ 2BC 
2BCH4 2BCH~ 
3BC~ 




4CBH4 4CBH5 4CBH6 
5CBH 5CB~ 
5CBH3 5CBH4 5CBH 5CBH~ 
Compres s ive Strength at Different Percentag es 
of Cement and .5% Straw 
Soil % of' the % of ~he % of' % of the % of' . 200-mesh cement bit"'- straw water gms. gms. gms. Imino us gme. gms. 
100 50 2:5 0 • 5 12 
" 
II 2.5 2.5 
" 
ll 
It tl 2.5 5 II II 
" 
II 2~5 7.5 u tt 
II 
" 2.5 10 u It ll u 2.5 12.5 
" " 
II u 5 0 
" " 
" 
u 5 2.5 II II 
II II 5 5 If If 
II u 5 7.5 u u 
II u 5 10 II II 
It II 5 12.5 u II 
u 7.5 0 .. II 
11 7~5 2~5 II II 
If 7~5 5 
" 
II 
tt 7 . 5 7~5 " u tl 7~5 10 II n 
IJ 7.5 12.5 II II 
It tt 10 0 II II 
II 




10 5 It If 
" 
u 10 7.5 II II 
tl II 10 10 u II 
II II 10 12.5 II II 
.. n 12~5 0 II .. 
II u 12~5 2~5 II II 
II II 12~5 5 II II 
II .. 12~5 7~5 n If 
" 
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TABLE 6: The Effect of the 20% of 200 Mesh Content 
on Compressive Strength 
Spec- So11 % of the % of the % of % of Comprea-1m en 200-mesh cement bitu- water sive 
No. gms. gms. gms. minous gms. Strength 
10~ 100 20 2.5 0 20 110 10 n II 2~5 2.5 u 136 




2~5 10 II 198 
1CB6 
II II 2.5 12.5 If 194 
2C~ II 5 0 145 2C 2 II 5 2.5 200 2CB3 II 5 5 220 2CB tl 5 7.5 240 
2CB4r II 5 10 245 
2CB5 u 5 12.5 240 6 
3CB1 
tJ II 7.5 0 II 190 
3CB If II ?.5 2.5 If 238 
3CB2 u ll 7.5 5 u 277 
3CB3 " u 7.5 7.5 
ll 296 
3CB4 II II 7.5 10 u 300 
3CB5 u II 7.5 12.5 II 298 6 
4CB II II 10 ,_ 0 II 225 
4CB1 
" " 
10 2.5 II 290 
4CB2 II II 10 5 II 313 
4CB3 II II 10 ?.5 tl 320 
4CB4 II tl 10 10 II 328 
4CB5 II II 10 12.5 II 325 6 
5CB If II 12.5 0 261 
5CB1 II II 12.5 2.5 315 
5CB2 II II 12.5 5 330 
5CB3 " 
II 12.5 7.5 336 
5CB4 II II 12.5 10 339 
5CB5 II u 12.5 12.5 342 6 
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TABL~ ?: The Effect of the 30% of 200 MP-sh Content 
on Compressive Strength 
Spe~-
8011 % of the % of the % of % of Compres-1m en 200-mesh cement b1tu- water sive 
No. gms. gme. ~ms. minous gms. Strength 
60~ 100 30 2.5 0 21 182 
6CB II II 2.5 2.5 tl 196 60~ II u 2~5 5 II 217 
6CB4 " 
II 2~5 7.5 It 224 
60B5 








II .. 5 0 II 216 
70B2 
II .. 5 2.5 u 224 
?OB3 " II 5 5 u 237 70B4 
It tl 5 ?~5 II 248 
70B5 




II u 5 12.5 .. 252 
80~ II " .7. 5 0 II 230 8CB2 .. ll 7.5 2.5 II 248 8CB3 




II II 7~5 7.5 n 274 
8CB5 
ll II 7.5 10 II 278 
80B6 
u u 7.5 12.5 .. 274 
90~ u 11 10 0 u 261 9C t1 II 10 2.5 II 2?8 
9CB2 u II 10 5 " 290 9CB3 tl II 10 7.5 tt 300 
9CB4 tl 
" 
10 10 II 312 
9CB5 II It 10 12.5 II 308 6 
100~ II u 12.5 0 " 292 100 2 II II 12~5 2.5 
II 31? 
II II 12.5 5 II :527 10CB3 II It 12~5 ?.5 " 336 100B4 II 
" 
12.5 10 If 344 10CB5 u II 12.5 12.5 II 348 10CB6 
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TABLE 8: The Effect of the 40% of 200 Mesh Content 
on Compressive Strength 
Spec-
Soil % o:f the % o:f the % o:f % of Como rea-imen 200-mesh cement bitu- water aive No. gms. gms. ~s. minous gms. Strength 
11CB1 100 40 2~5 0 22 198 llCB II II 2.5 2.5 It 210 llCB~ II II 2~5 5 u 228 11CB4 ft ll 2.5 7.5 u 239 llCB II u 2.5 10 
" 
246 11CB~ II II 2.5 12.5 II 244 
12C~ u tl 5 0 II 231 12CB II II 5 2.5 u 247 12CB2 II II 5 5 II 261 12CB~ 
" 
II 5 7.5 II 279 12CB5 ll u 5 10 II 286 12CB6 
u II 5 12.5 II 283 
13CB II tl 7~5 0 11 260 13CB~ II u 7.5 2.5 II 281 13CB II II ?.5 5 u 312 13CB~ II II 7.5 7~5 II 324 13CB II u 7.5 10 II 329 13CB~ II tl 7.5 12.5 u 328 




.. 10 2.5 II 325 
14CB .. 10 5 II 335 14CB~ II 10 7. 5 II 352 
14CB5 II 10 10 II 365 14CB6 
II 10 12.5 n 362 
150~ II II 12.5 0 It 320 
15CB2 
II II 12.5 2.5 II 341 
15CB II 
" 










It II 12.5 12.5 II 395 
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TABLE 9: The Effect of the 50% of 200 Mesh Content 
on Compressive Strength 
Spec-
Soil % of the % of the % of % of Compres-1m en 200-meeh oement bitu- water sive No. gms. gms. gms. minous gms. Strength 
16CB1 100 50 2.5 0 23 226 16CB2 II u 2.5 2.5 11 238 16CB3 
u II 2.5 5 It 251 
16CB4 
II ll 2.5 7.5 tl 268 
16CB5 
u II 2~5 10 II 272 
16CB6 
II u 2.5 12.5 tl 269 




It II 5 2.5 It 269 
17CB fl tl 5 5 
" 
2?9 l?CB~ II 
" 
5 7.5 n 285 
17CB u II 5 10 
" 
302 
1?CB5 II II 5 12.5 II 299 6 
18CB u 7~5 0 II 305 
18C:sl- If 7.5 2.5 II 326 18CB~ II 7.5 5 II 337 
18CB4 
II 7.5 7.5 II 348 
18CB II 7.5 10 II 356 18CB~ u 7.5 12.5 tl 355 
19C~ II II 10 0 11 332 
19CB2 
II u 10 2.5 u 351 
19CB3 
II II 10 5 tl 373 
19CB ll II 10 7.5 II 382 
19CB4 II II 10 10 II 398 
19CB~ II II 10 12.5 II 396 
20C~ II It 12.5 0 II 382 
20C tl u 12.5 2.5 u 402 
20CB5 tl u 12.5 5 II 418 
20CB4 
II II 12.5 7.5 II 434 
20CB It u 12.5 10 
'' 
442 20CB~ II u 12.5 12.5 u 446 
TABLE 10: The Effect of the 60% of 200 Mesh Content 
on Compressive Strength 
Spec-
Soil 
% of the % of the % of % of Compres-
imen 200-mesh cement b:1.tu- water sive 
No. gms. gms. gms. minous gms. Strength 
21C~ 100 60 2.5 0 24 260 
21C 2 
II II 2.5 2.5 u 2?8 
21CB3 
II II 2.5 5 II 289 
21CB4 
II II 2~5 7.5 tl 29? 
21CB5 
II II 2.5 10 II 308 
21CB6 
u u 2.5 12.5 II 306 
22CB 
" 
u 5 0 II 290 
22C~ It II 5 2.5 II 30? 
22CB3 II tl 5 5 II 316 22CB4 
II II 5 ?.5 tl 325 
22CB5 II II 5 10 II 332 22CB6 
II II 5 12.5 II 328 
23CB 7.5 0 II 334 230~ 7.5 2.5 " 349 23CB3 ?.5 5 II 365 23CB ?~5 7.5 tt 3?0 
23CBg ?.5 10 II 3?6 
23CB6 ?.5 12.5 
u 375 
24CB II It 10 0 II 36A 240~ u II 10 2.5 II 382 
24CB3 II 
II 10 5 II 396 
24CB .. u 10 ?.5 II 40? 24CB~ II II 10 10 II 418 
24CB6 
II II 10 12.5 II 416 
25CB II 12.5 0 II 428 
25CB~ II 12.5 2.5 II 449 
25CB3 
II 12~5 5 u 461 
25CB4 




tl 12.5 10 It 480 
25CB6 




TABLE 11: The Effect of the 70% of 200 Mesh Content 
on Compressive Streng th 
Spec-
Soil % of the % of the % of % of Compres-imen 200-mesh cement bitu- water sive 
No. gma. gms. gms. minoua gms. Streng th 
260~ 100 ?0 2.5 0 25 270 26C 2 " II 2.5 2.5 It 284 26CB3 II .. 2.5 5 II 297 26CB II u 2.5 ?.5 u 306 
26CBt u u 2.5 10 II 314 
26CB6 " 
ll 2.5 12.5 ll 312 
2?C~ It II 5 0 11 305 
27C 2 II II 5 2.5 " 320 2?CB 
" 




II II 5 10 tl 351 
27CB6 
II n 5 12.5 II 349 
28CB
1 
II II 7.5 0 II 360 
28CB2 
u II ?.5 2.5 II 3?5 
28CB3 
11 II 7.5 5 II 380 
28CB .. II ?.5 ?.5 
" 
392 
28CB4 II tl 7.5 10 .. 398 
28CB~ II ll 7.5 12.5 II 396 
29CB II II 10 0 u 412 
29CB~ If II 10 2.5 II 425 
29CB tl It 10 5 II 432 
29CB~ II II 10 7.5 II 440 
29CB5 
II u 10 10 II 444 
29CB6 
II II 10 12.5 II 442 
30CB 12.5 0 II 481 
30C~ 12.5 2.5 II 494 
30CB3 12.5 5 
II 509 
30CB 12.5 ?.5 u 518 
30C~ 12.5 10 II 524 
12.5 12.5 II 528 30CB6 
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TABLE 12: The Effect of the 80% of 200 Mesh Content 
on Compressive Strength 
Spec- % of the % of the % of % of Compres-
imen Soil 200-mesh cement bitu- water sive 
No. gms. p:ms . ~ms. minous ~ms. Strength 
31CB1 100 80 2.5 0 26 284 31CB2 
II tt 2.5 2.5 II 311 
31C~ II l1 2.5 5 II 325 
31C II II 2.5 7.5 n 339 
31CBg II II 2~5 10 II 340 
31CB6 
It II 2.5 12.5 n 338 
32CB II II 5 0 II 352 32CB~ ll II 5 2.5 II 365 
32CB3 
II II 5 5 II 375 
32CB4 
II II 5 ?.5 II 391 
32CB5 " 
II 5 10 II 400 
32CB6 
u n 5 12.5 fl 396 
330~ II 7.5 0 II 405 
33C 2 




II 7~5 5 II 428 
33CB4 
.. 7.5 7.5 II 435 
33CB5 
II 7.5 10 II 444 
33CB6 II 7.5 12.5 II 440 
340~ It u 10 0 " 442 34CB2 II u 10 2~5 
II 454 
34C~ II II 10 5 II 461 
34CB4 
II II 10 7.5 II 469 
34CB II II 10 10 II 477 
34CB~ u II 10 12.5 " 476 
35CB II II 12~5 0 II 512 
35C~ u II 12.5 2.5 II 521 
35CB3 
rl II 12~5 5 II 529 
II II 12~5 7.5 II 537 35CB4 35CB5 II 
II 12~5 10 tf 541 
ll II 12.5 12.5 II 546 35CB6 
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TABLE 13: The Effect of the 89.93% of 200 Mesh Content 
on Compressive Strength 
Spec- Soil % of the % of the % of % of Compres-1m en 200-mesh cement bitu- water aive 
No. gms. gms. gms. m1nous gms. Strength 
36C~ 100 89.93 2.5 0 28 302 
36CB2 
II II 2.5 2.5 II 329 
36CB3 
tJ .. 2.5 5 II 336 
36CB II ll 2~5 7.5 II 348 
36CB4 It tl 2~5 10 tl 354 
36CB5 II II 2.5 12.5 II 350 6 
3?CB II II 5 0 II 382 3?C~ II II 5 2.5 tt 400 
37CB3 
II II 5 5 II 416 
37CB4 




5 10 II 429 
3?CB II u 5 12.5 II 424 6 
38C~ · tl II 7.5 0 u 438 
380 u ll ?.5 2.5 II 455 
38CB5 II u 7.5 5 II 466 
38CB4 
II u ?.5 7.5 II 475 
38CB5 " 
u 7.5 10 II 483 
38CB6 
II .. 7.5 12.5 II 480 
39C~ II II 10 0 tl 467 
39C u II 10 2.5 II 481 39CB~ II u 10 5 II 489 
39CB4 
II II 10 7.5 u 502 
39CB II II 10 10 u 505 
39CB~ " II 10 12.5 u 502 
40C~ II II 12.5 0 534 
40CB2 
II II 12~5 2.5 548 
40CB3 
tl II 12.5 5 563 
40CB4 " 
u 12.5 7.5 566 
If II 12.5 10 572 40CB5 II II 12.5 12.5 576 40CB6 
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~ 
FREEZING AND THAWING 
The e~fect of materials such as straw, bituminous 
material, and cement on ~reezing and thawing was - inves-
tigated. 
48 
Experimental data was obtained by means of standard 
methods of A.S.T.M., and observing the effects after certain 
cycles, it was proved that straw has .no positive effect on 
erosion, and here cement and bitum~nous materials reduce the 
effect of the freezing and thawing. 
More extensive investigations were not made sinoe 
the evidence obtained from those te~ts conducted shows clear 
results as seen in Graphs 17 and 18. 
A summary of the information obtained from these 
graphs are: 
1. straw does not help resistance to freezing and 
thawing. 
2. Bituminous materials and ceme~t help resistance to 
freezing and thaw2ng; that is, the more of these 
materials that are added into a sample, the ~re~ter 
its resistance to freezing and thawing would be. 
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TABLE 14: Effect of Freezing and Thawing 
Percentage of Progressive 100-peroent of 
Spec- Soil 200- straw cement bitum original. oven dry weight 
imen gms. mesh gms. gms. gms. after after after No. gms . 2 cycles 4 cycles 6 cycles 
1 100 50 - - - 5 12.83 22.0 
lH II It .5 
- -
5.20 13.61 24.0 
2H II tl 1. - - 5.80 14.62 25.41 
3H II II 1.5 - - 6.60 15.82 25.20 




4.00 11.00 20.00 




3.21 9.20 16.80 




2.60 7.62 12.20 
40 II II - 10. - 1.83 5.61 9.42 
50 ll II - 12.5 - o.8o 3. 43 6.64 
lB II 
" - -















10 0.40 0.71 1.10 
5B II 
" - -
12.5 0.18 0 .36 0.41 
1BCH1 
n u 
.5 2.5 2.5 2.54 5.00 8.75 
2BCH2 
II tl • 5 5. 5 • 1.60 3.50 5.82 
2BCH3 
II II • 5 7.5 7.5 1.00 2.05 3.40 
4BCH4 
II II 
.5 10. 10. 0.50 1.00 1.72 
5BCH5 
II II 
.5 12.5 12.5 0.20 0.50 0.71 
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EROSION 
The effect materials such as straw, b~tuminous material, 
and cement have on erosion was investigated. 
Experimental data obtained by means of spraying, that 
is by placing samples under running water and observing the 
effects after certain lengths of t~me, proved that straw has 
not any positive effect on ero~ion, whereas cement and bitum-
inous materials reduce erosion. 
Due to the fact that a thorough investigation by 
weighing samples at different periods requires extensive re-
search, for all engineering practical purposes, this investi-
(1) gation was made by observation. 
(1) See Graphs 19, 20, and 21, Table 15. 
A summarY of the information obtained from these 
graphs are: 
1. Straw does not help resist~noe to erosion. 
2. Bituminous materials and cement help resistance to 
erosion; that is, the m?re of these materials that 
are added into a s~ple, the greater its resistance 
to erosion would be. 
3. The higher the 200 mesh percentage of a ~ample, the 






TABLE 15: The ~ffects of ~rosion on Different PP-rcentagP-s 
of 200 Mesh, Cement, Bitum., and Straw 
Composition Length of Time for* 
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40 10. 
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1BCH 2.5 2.5 o.5 6' 141 30 1 60 1 90 I 
2BCH 5 5 0.5 12 1 36 1 75 1 
3BCH 7.5 ?.5 0.5 30 1 100 1 
4BCH 10 10 0.5 II 100 1 
5BCH 12.5 12.5 0.5 II 100 I 
1CB2 2 .5 2.5 - 20 5' 12
1 20 1 25 1 36 1 43' 54 1 
6CB 2.5 2.5 
-
30 6' 12 1 22' 30 1 40' 52 1 62 1 11CB~ 2.6 2.5 - 40 8' 16 1 24 1 35' 44 1 55 1 68' 
16CB2 2.5 2~5 - 50 9' 17 1 27 1 40 1 50 1 62 1 ?6' 21CB2 2.5 2.5 - 60 10 1 19 1 30 1 44' 57 1 71 1 86 1 
26CB2 2.5 2.5 - 70 10
1 22' 34 1 48 1 64 1 88 1 95' 
31CB2 2.5 2.5 - 80 12
1 24' 40 1 55 1 70 1 90 1 
3?CB2 2.5 2.5 - 89.93 15
1 30 1 45 1 63 1 80 1 tiDo' 
*Time is given in minutes and hours. 3 1 29 11 is 3 hrs. 29 min. 
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CONCLUSIONS 
The data obtained during this investigation gives an 
exact basis for the construction of small villa~e construc-
tions. 
The Turkish farmer for generations built his own house 
and barn from soi1-straw materials which he never tried to 
analyze. His way of construction was not the moat economical, 
or the most durable one, but was the only practical way he 
ever knew. A scientific research in soil-cement in reg~de 
to the resistance to compressive loads, resistance to erosion, 
and keeping in mind the most economical factor would be of 
the greatest value to the Turkish farm conmruction. 
In this thesis it was found that an increase in the 
200-mesh content or an increase in the cement content wou1d 
increase the compressive strength of the material. An in-
crease of the bituminous material up to 10% would affect 
little the resistance to compressive loads, but an increase 
above this percentage will decrease the resistance to com-
pressive loads as a whole. An increase of the straw content 
would decrease the compressive strength. 
On the other hand, an increase of the cement content 
or an increase of the bituminous material ~11 1ncreare the 
resistance to erosion, and increase the resistance to freezing 
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and thawing but an increase of the 200 mesh content, or an 
increase of the straw content will decrease the resistance to 
erosion of the material. 
As a result it is definite that the straw content 
which the Turkish farmer uses a lot for increasing the bending 
stresses is not of much value. The recent earthquakes proved 
that this content should be changed. This investigation 
proved the same. 
Although the percentage of 200 mesh content incre~ea 
the compressive strength, on the other hand it decreases the 
resistance to erosion. Just the opposite with bituminous 
material content, it increases the resistace to erosion but 
on the other hand it decreases the compressive strength of 
the material. The cement _increaaes both compressive strength 
and resistance to erosion, but on the other hand it has to be 
bought, which, from the Turkish farmer's point of view, should 
be avoided if possible. 
Turkey being a country with differP-nt climates, the 
most suitable combination for certain regions can be obtained. 
That is, in a region where there is lots of rain, the com-
pressive resistance can be sacrificed a little by adding ex-
cessive amounts of bituminous material, thus increasing the 
resistance to erosion, the same time 1ncreasin~ the resistance 
to freezing a~d thawing. Or the opposite can be follol~d in 
a dry climate. 
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This thes~s showed the general effects different 
contents have on construction materials. In its own sense, 
it can be count~d as a preliminary investigation which 




F1~re 1. The Map of Turkey 
"Russian Border lies just beyond these mountains on barren tableland 
near Sarikamis. Houses in windswept village are made of mud and dung. 
"Turkey today is still far from Ataturk's goals: 80% of its 21 million 
people live in mud huts in isolated villagP,s, in half of which there are 
no primary schools. 11 Til-iE magazine, October 12, 1953. 
Figure 2. The Village of Eastern Turkey 
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F1~re 3. Straw 
.. 
. . ~ . ---~-~ ~--
- ,.. - -::.~ -- -
~ ~ • •1 - • w--~ 




Different Percentages of 200 mesh Content 
Blocks Before the Test. 
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so11-Bitum and Soil-Cement-Bitum and Soil-
Cement-Bitum-Straw Blocks After the Compressive 
Strength Test. 
Soil, Soil-Straw, and Soil-Cement Blooks After 
the Compressive Strength Test. 
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Figure 8. Machine for Applying Pressure 




Thawing and Freezing Test; The Blocks in 
the l-1o1 st Room 
Soil, Soil-Straw, and Soil-Cement Blocks 
After the Tha~nng and Freezing Test 
So11-B1tum and So11-Cement-B1tum-Straw Blocks 




The So11, Soil-Cement, Soil-Straw and So11-
B1tum Blocks Beginning the ~rosion Test 
Under the Sharp Water Spray. 
The Blocks of Figure 13 After the Ten 
Minute Sharp Water Spray 
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Figure 15. So11-B1tum and So11-C~ment-B1tum-Straw Blocks 
After 100 Hours Under the Sharp Water Spray. 
Figure 16. Different Percentages of 200 mesh 8o11-
Cement-B1tum Blocks Arter 100 Hours Under 
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